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CHIMERIC RECEPTORS BY DSP SPLICING APD EXPRESSION 



S Naturally occurring receptors, each as 

immunoglobulins , • enzyiRss , mia. Ttietabcane proteins have 
seen an extraordinary expansion it commercial 
applications over the last decade, With the advent of 
monoclonal antibodies, the usefulness of 

10 ! i bee 1 xi d in si n\ 

situations has greatly extended prior uses employing 
polyclonal antibodies,, However, in oasy applies Pious, 
the use of monoclone 1 antibodies is severely restricted 
where the monoclonal antibodies are to be used in a 

15 biological environment. Since* for ths most part, 

monoclonal antibodies are produced in rodents, e.g., 
mice, the monoc onaJ antifoc i 

While the constant regions of itnamnoglobul ins 
20 are not involved in ligand binding, the constant 

regions do have a msabar of specific functions,, such as 
coop I 5t hi " yy Li recepfcox 

binding, and the like. There will, therefore, be 
situations where it will be desirable to have constant 
25 regions which bind to cells or proteins free, a 
particular species having binding regions for a 
particular Uganda 

Kwan et el, J, Exp, Mod, {1S8I} 
30 IM : 1 3 6 6 ~ ! 3 ? 0 and Clacks et il. , N u cfU Acids Res. 

(1982} iO:r?SS~??4$ describe V }( end < > c i. flow the 
mouse phesphoohoiine-binding antibody producing SIS? 
myeloma cell line, Oi. et sK, Proc \ - ■ ' . A ■ se . ; „ i , 
PSA a 983 j 80: 825-829,. report Pnat ;:he -case light 
35 i ot eo ficiently in a rat 

myeloma cell. 
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product of a fused gene. Each fusee gene comprises a 
0NA sequence from one host species encoding the region 
involved with ligand binding joined to a Dhi\ sequence 
from & different host species encoding a "constant" 
region providing a structural framework and biological 
properties . introduction of the fused genes into as 
appropriate eukaryotic host cell under conditions for 
expression and processing provides tor a functional 
assembled mxilti-subunit receptor product. 

In the accompany. nog drawings: 
Figure 1 is a schematic diagram of (a) the 
chimeric mouse c human heavy chain gene vector? and (b) 
the cbimeric light chain vector. 

DESCRIPTION OF 1'BE SPEC li IC EMB OPIHSKT S 

Hovel methods and compositions are provided 
for production of polypeptide- products having specific 
binding affinities for a predetermined ligand and 
^predetermined biological f particularly physiological, 
properties f not naturally associated with the binding 
ro>p..'i . i v. u a >. rax ' ; cul 1y multi-sub-unit 

chimeric receptors are provided which result from fused 
genes having the portion of the polypeptide involved 
With. binding of a predetermined ligand having an amino 
acid sequence substantially {>§0% conserved) the same 
as an amino acid sequence having the sane function: from 
one host species, while the portion involved with 
providing structural stability, as well as other 
biological functions, being analogously derived from a 
different host species. At least two fused genes are 
involved* which genes are introduced into an 
appropriate eukaryotic tost under conditions fci 
expression and processing, whereby the fused genes are 
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axpxre s s e d a n & t h e r e s u 1 1 i n g s u b u n i t s b on n d t o g e !: her, 
resulting in an assembled chimeric receptor. 

The receptors; prepared in accordance with the 

S units are bald together either by non~eovalent binding 
or a combination of nor; -cava lent and eovslent binding,, 
particularly disulfide linkages through cysteine, and 
having at least one binding, usually at least two 
binding sites and not more than about ten binding 

%Q sites. Receptors of interest include both B-celi and 
T»eeli receptors f more particularly, immunoglobulins, 
such as XgM, XgG, Ig&, IgD and Igl, as wall as the 

ual groups. The light 
chain may be k., or X. The heavy chains are referred to 

15 as it, Y, $, « and e« 

in discussing the two regions of each 
stifcun.it, the two regions will be referred to as 
•variable" a«d "constant* by analogy to iiaamnog lobuiins < 
The variable region is the region involved with ligand 

20 binding and, therefore, will vary in conformation and 
«»lno acid sequence depending ■ upon the ligand,, The 
region will usually be composed of a plurality of 
^domains, involving a domain having as its primary 
f. unction binding to the ligand CV) and a domain asso™ 

25 elated with joining the V' region to the constant 

region, the hinge region ( J } . There may also be a 
hypervar liable domain intermediate V and J see joining 
the V and J domains, the diversity domain (DJ . These 
domains are related to axons observed in the genes 

30 encoding fo 1 e regions , 

The constant region will not be associated 
with ligand binding and will be relatively limited in 
the variations in its conformation and amino acid 
sec -.ten oa. within any on a species within a class, each 

35 class generally having free i to 4 subclasses. Bach 

constant region is specific for a species. Within the 
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classes there will be allotypes , usually not exceeding 
about 30 allotypes. 

The variable region of the: immunoglobulins 
will be derived from a convenient mammalian source, 
3 which aay be a rodent, e.g., mouse or rat, rabbit, or 
other vertebrate, mammalian or otherwise,, capable of 
producing immunoglobulins , The constant region of the 
immunoglobulin, as well as the J region for XgM, will 
be derived from a vertebrate source different from the 

10 source of the variable region, particularly a mammalian 
source, more particularly primate or domestic animal, 
e.g.,, bovine, porcine, equine, canine, feline, or the 
like, and particularly, humans, Thus, the immunogenic 
portion of the receptor will normally he chosen in 

IS accordance with the purpose of the receptor. For 

example, where the receptor is to be introduced into 
the host, the constant or immunogenic portion will be 
selected so as to minimise the immune response of the 
host, Where the receptor is to bind to particular ceil 

20 membrane surface receptors, the constant region will he 
chosen in accordance with the host of the receptor 
recognition site. 

mho fused gerse derived from the two host 
sources will be prepared by joining the 5* end of a 

25 ~e o5 codixsa the cc g frame 

to the 3 4 -end of a sequence encoding the variable 
region. iln referring to 5* or 3* for a double strand, 
it is intended the direction of transcription with 5' 
being upstream from 3' . ) With immunoglobulins, two 

30 fused gens s will be prepared, one for the light chain 
and one for the heavy chain- With T-cell receptors, 
the two fused genes will be for each of the two chains 
involved ia the formation of the T~cell receptor. The 
JM& sequent t < r preparation o so se ^ 

35 gene, may be derived from a variety of sources. These 
sources include genomic ntm, cDNA, synthetic Dn'A., and 
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comb in reof. T c D8S may n 

include naturally occurring introns. 

The DKA obtained from natural sources; namely 
the genomic D» or cDNA, may be obtained in a variety 
of ways, Host cells coding for the desired sequence 
may foe isolated, the genomic DMA 0 ragmenfcad , 
conveniently by one or more restriction endcancleases , 
and tbe resulting fragments cloned and screened with a 
probe tor the presence of the DNA sequence coding for 
the polypeptide sequence of interest. For the variable 
region, the rearranged getmline heavy chain DNA will 
include V, D t and J regions, including the leader 
sequence, which may be subsequently removed as well as 
any inirons. 'Che rearranged germ line light chain 
coding DNA will include the V and 3 regions including 
the leader sequence, as well as any introns which »ay 
be subsequently removed. The particular source of the 
exons defining the domains and the manner of splicing, 
where introns are present, is not germane to this 
invention. Once the cloned fragment has been 
identified which contains the desired DNA sequence, 
this fragment may be further manipulated to remove 
superfluous mh r modify one or both termini, remove all 
or a portion of intervening sequences, f introns) or the 
like. 

In providing a fragment encoding the variable 
region, it will usually be desirable to include all or 
a portion of the intron downstream from the J region, 
particularly where the variable region is derived from 
the host in which the fused gene is to foe expressed, 
Where the intron is retained, it will be necessary that 
there be functional splice acceptor and donor sequences 
at the intron termini. The intron between the J things 
region) and the constant region of the fused gene may 
be primarily the intron sequence associated with {1} 
the constant region, [2) the J domain, or (3) portions 
Of each* The last may be a matter of convenience where 
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there is a convenient restriction site in the introns 
from the two sources* In some instances, all or a 
portion of the intron may he modified by deletion, 
nucleotide substitution (a) or insertion, to enhance 
S esse of manipulation, expression,, or the like. Since 
in sany cases the variable region will he synergenic 
with the host ceils employed for expression, preferably 
all or at least about 80% :: the intron sequence will 
be the naturally occurring intron sequence associated 

10 with the J doraaixu In some instances it will be 

necessary to provide adapters to join the intron or 
truncated intron to the constant region, By cleaving 
within the intron, the variable region will be 
separated from its natural constant region, 

IS Alternatively, it may be desirable to have 

the fused gene free of the intron between the variable 
and constant regions, Thus, the 3 s terminus will be at 
or in the hinge domain. Normally all or a portion of 
the hinge domain will be associated with the host 

20 providing the variable region, By restriction enzyme 
analysis or sequencing of the binge domain, one can 
select for a particular site for the 3 5 terminus? of the 
^variable region, 

•f Alternatively,, one can use an exonueleasa end 

25 by employing varying periods of digestion., one can 

provide for varying 3 f -termini, which can then be used 
for linking to the constant region and selection made 
for a functional, product in a variety of ways, for 
example, where joining of the variable region to the 

30 constant region results in a unique restriction site, 
the fused DBA fragments may ha screened for the 
presence of the restriction site. Alternatively, it 
may be found desirable to include an adapter or linker 
to join the variable region to the constant region, 

35 where the adapter or linker may have the same or 
substantially the same segue nee, usually at least 
substantially the same sequence, of the DNa sequence of 
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the two fragments adjacent the juncture. The adapter 
or linker will he selected so as to provj.de lor the two 
sequences to be in common reading frame. Ftirthermece, 
by employing adapters, one could add an additional 
3 decree of variability ie the binding affinity of the 
chimeric receptor, by providing for the expression of 
different amino acids in the hinge domain. 

The joining of the various iragesxP: s is 
performed in accordance with conventional techniques, 

10 employing blunt-ended or staggered-ended termini for 
ligation, restriction enzyme digestion to provide for 
appropriate termini, filling in of cohesive ends as 
appropriate, alkaline phosphatase treatment to avoid 
undesirable joining, and ligation with appropriate 

15 .Ugases. 

For cDHA, the cdma may he cloned a«4 the 
resulting clone screened with an appropriate probe for 

coding for the desired variable or constant 
region, .Once the desired clone has 3?ee« isolated, the 

20 cDNA may be manipulated in substantially the same 

manner as the genomic tmh. However, with eDNA there 
srlil be no introns or intervening sequences. The cGm 
„is cleaved at or near the juncture of the variable 
region with the constant region so that the variable 

25 region is separated from the constant region and the 
desired region retained. Where a convenient 
restriction site exists, the cDNA may be digested to 
provide for a fragment having the appropriate terminus. 
The restriction site may provide a satisfactory site or 

3D i N « Alternatively, primer 

repair may be employed, where, for the variable region 
a compIeoenta>:'v sequence to the site of cleavage and 
successive nucleotides in the 3 ! direction or the 
complementary seguence i hybridised to the sense 

35 strand of the cDNA and the nonsense strand replicated 
beginning with the primer and removal of the 
single-stranded Dh'A of the sense strand 3 s from the 
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pri r. ih re\ Ls 1 i s 1 t c 

region. Other techniques may also suggest themselves. 
Ones the fragment has bean obtained bating tea 
predetermined 3" or 5* ier isss, ss appro^ s, i 
5 then be > fed for ng to the r regi 

Finally, one or both of the regions may be 
synthesized and cloned for use in preparing the fused 
gens* For the most part, the same or substantially the 
. sasae constant region can be repetitively used, so that 

10 a library of constant regions taay be established which 
can be selected for joining to variable regions, Thus, 
the- constant regions would h v ~ t priub 5' 

terminus for joining directly or through an adapter to 
a variable region, 

IS In order tor expression of the fused gene, it 

will be necessary to have transcriptional and 
translations signals recognised by an appropriate 
eakaryotie host. For the jaost part, desirable 
On&aryotic hosts will be mammalian ceils capable of 

20 culture in vitro, particularly leukocytes, snore 

particularly myeloma tSfellfe, or other transformed or 
oncogenic lymphocyte, e.g. , EBV transformed cells. 
Alternatively, non«mammaIian cells may be employed, 
such as fungi, e.g. f yeast, filamentous fungi, or the 

25 like. 

The DNh sequence coding for the variable 
region may be obtained in association with the promoter 
region from genomic DNA. To the extent that the host 
ceils recognise the transcriptional, regulatory ace 

30 trans ratio s ted with the 

variable region, then this region 5'. of the variable 
ut^< t < j s Oc eJ int \<> th the 

variable region coding sequence m ploj 
transcriptional -inn:. al initiation 

35 regulation. 

The contiguous non-coding region 3 1 to the 
variable region oil! normally include those sequences 
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involved with initiation of transcription and 
translation, such as 5; he TATA box, capping sequence, 
CAAT sequence, and the like, Usually the 5 '-non-coding 
sequence will be at least iSGbp, snore usually at least 
5 200hp, usually not exceeding about 2khp, more usually 
not exceed inn about lkbp< 

The non-coding region 3* to the constant 
region may be retained for its transcriptional 
termination regulatory sequences, such as termination 

ID and poiyadenyiation. Tens, by retaining the 3* -region 
naturally contiguous to the DHA sequence coding for the 
constant region, the transcriptional termination 
signals Kay be provided for the fused gene. Where the 
transcriptional termination signals are not 

15 satisfactorily functional in the expression host cell, 
then a 3 ! region functional in the host cell may be 
substituted. Conveniently, the non-coding 3* region 
may be obtained from a non-coding contiguous 3 $ region 
of a constant region from the expression host* The 

20 3 '-non-coding region may b& yoim& to the constant 
region by any of the means described previously for 
manipulation and ligation of DMA. fragments* This 
^region could then be used as a building block in 
preparing the fused gene » 

25 The fused gene for the most part may be 

depicted by the following formula x 

TIP.- (LS) e -V c ~ {Vi} a ~ CO| h - <0i) c ~3-il) d -C-TTR 

30 wherein; 

TIB intends ths t: ns {pi r-.&l regulatory 
and trans lational initiation region, is generally of at 
least about ISObp and not more than about 2khp, which 
may be in whole or in part, the sequence naturally 
35 joined to the coding region; 

Ls refers t h nee > s for a 

leader sequence and processing signal functional in the 
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expression host for secretion and processing for 
removal of the sequence; 

V is an ecos coding to the va 
in reading frame with LS,. when LS is present j 
S i&l is 0 or 1? 

D c is an axon coding for the diversity domain 
end is present for the heavy chain ih~l) and is absent 
for the light chain fb#&Yt 

■J is an axon coding for the hinge region? 
10 V i and D. are introns naturally associated 

with the letter indicated axons having functional donor 
and acceptor splicing sites,; 

a, b and e are the sa? 
0 or 1 , wherein when b is Q, c is 0 ? 
XS . I is an intron which may be naturally 

consignees to the J exon or naturally contiguous to the 
C exon or a combination of fragments from both, or a 
fragment thereof, desirably including an enhancer 
sequence functional in said expression host., or X may 
20 be foreign in whole or in part to the J and C axons j 

d is 0 or lj 

c is the constant dona in and may code for \t t 
T f =5 f « and s chain,, preferably a or y f usually 
including at least 80% of the constant region sequence, 
2 5 and nay be the same as or a codified naturally 
occurring allotype ? and 

TTR is the transcriptional termination region 
providing for transcriptional termination and 
polyacenyiation which may foe naturally associated with 
30 C or assy be joined to C, being functional in the 

expression host; usually being at least about IQObp and 
may he Ikbs or more, 

The constructs for each of the different 
suhunits may be joined together to form a single DBA 
35 segment or way he mnintaised as separate segments, by 
themselves or in conjunction with vectors. 
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a ceil by transformation in conjunction with a gene 

integrated into the host genome, usually the construct 
5 will be part of a vector having a replication system 
recognised by the host cell* 

& large number of vectors are available or 
can be readily prepared which provide for replication 
and expression in a host, either by maintenance as an 

10 e t or I ration into tl 

host genome, For a mammalian host/ a wide variety of 
vectors are known based on viral replication systems, 
such as Simian virus, bovine papilloma virus, 
adenovirus and the like, These vectors can be used as 

15 fffcere transcriptional as 

translations! initiation ana termination signals are 
present and one or more restriction sites are available 
for insertion of a structural gene. In addition, the 
vectors normally have one or more markers which allow 

2t for selection of host cells which contain the 
expression vector. The marker taay provide for 
issrototrophy to an auxotrophic host, bioeiae resistance, 
v e.$, , antibiotics, such as G418, or heavy metals, such 
as copper, or the like. If desired, expression vectors 

25 can be prepared by joining the various components, such 
as the replication system, markers, and transcriptional 
and trans l.ational regulatory initiation and termination 
signals in conjunction with the fused gene. 
Frequently, a vector will include a prokaryctic 

3D replication system, which allows for cloning after each 
of the manipulative steps to provide for purification 
< , < , [ r the desires DNI 

A wide variety of transcriptional and 
translations! „ - ,. sequences may be employed, 

35 depending upon the nature oi: the host. The 

transcriptional and translations! regulatory signals 
may be derived from viral sources, such as adenovirus, 
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bovine papilloma virus, Simian virus, or the like, 
where the regulatory signals are associated with a 
particular gene which has a high level of expression. 
Alternatively, promoters from mammalian expression 
products, such as actio, collagen, myosin, etc., may foe 
employed. Transcriptional initiation regulatory 
signals may be selected which allow for repression or 
activation, so that expression of the fused genes can 
be modulated. Of interest are regulatory signals which 
are temperature-sensitive so that by varying the 
.teapjrature, expression can be repressed or initiated, 
or are subject to chemical regulation, e.g., metabolite. 

Once the vector or SNA sequence containing 
the fused gene has been prepared for expression, the 
DSA construct may be introduced into an appropriate 
host. Various techniques may foe employed, such as 
protoplast fusion, calcium phosphate-precipitation, or 
other conventional technique. After the fusion, the 
cells are from in a selective medium, where 
untransformed ceils are killed, leaving only cells 
transformed with the Vm construct. Expression of the 
fused gene results in assembly to form the receptor. 

. host cells will for the most part be 

immortalized cells, particularly myeloma or lymphoma 
cells, These ceils may he grown in an appropriate 
nutrient medium in culture flasks or injected into a 
synergenie host, e.g. , mouse or rat, or immuncdsf icient 
host or host site, e.g., nude mouse or hamster pouch. 
Particularly, the ceils may be introduced into the 
abdominal cavity for production of ascites fluid and 
harvesting of the chimeric receptor. Alternatively, 
the cells may be injected suhcutsneousiy and the 
antibodies harvested from rhe blood of the host, the 
cells may be used in the same manner as hyforidoma 
cel. Is. See Uo.amond c ;1 . , ' , 3 ^ v m : ; 
304:1344 ana Henna ft, MeKearn and Bechtoi <eds.}, 
° fN — - v .JV • ^ > ~i' ion xn 
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- _ - , 1580, which are incorporated 

herein by reference. 

Where a leader is present witl> a processing 
signal for secrsticn 3rd select ive eiesvage of >H«. 
leader sequence, the resulting assembled receptor will 
be secreted into the nutrient medium of the transformed 
ceils and may be harvested, Where secretion does not 
occur, after sufficient time for the receptor to he 
expressed in reasonable amounts, the ceils may be 
killed, lysed, and the receptors isolated and purified. 
Where transcriptional initiation can be modulated, the 
cells may be grown to high density under non~permisslve 
conditions, followed by growth under permissive 
conditions where the receptor is expressed. 

The receptors may be naturally glycosylated, 
unnaturally glycosylated or be free of glyoosyl groups, 
depending on the host, conditions of cellular growth 
and subsequent treatment. Where a mammalian host cell 
is employed for expression, usually natural 
glycosylate will occur. Glycosylation can foe 
prevented by an appropriate inhibitor, e.g., 
tuntcamycin. Alternatively, glyoosyl groups may be 
.removed by hydrolysis,. e.g., ensymatic hydrolysis using 
hydrolases, In expression hosts other then mammalian 
ceils, ^glycosylated or unnatural glycosylated 
receptors may be obtained. 

The receptor may be isolated and purified in 
accordance with conventional conditions, such as 
extraction, precipitation, chromatography, affinity 
eh romatography , electrophoresis f or the like, By 
employing antibodies specific for the constant 
regienU), affinity chromatography will allow for 
concentration and purification of the chimeric 
receptor. 

The chimeric receptors can be used in the 
same manner as other receptors for binding to specific 
Uganda in diagnostic assays, affinity chromatography, 
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or the like. In addition, because of a substantially 
reduced immunogerdcity ok the chimeric receptors ,. toe 
chimeric receptors can find use in therapy., for passive 

i n i z a t i o n , f o ; \ - " ^ - 

t - tment cl di&i ise-i c<v) , or t 1 o, P< > n 1j ' 
imaging, the chimeric antibody will normally be 
conjugated to a radionuclide, e.g., teehnisium, 
rhenium., or the like. Fox foioeidal activity, the 
antibody may be joined to the A-pcrtion of toxics, 
liposomes containing biocidal reagents, radionuclides, 
or other biocidai agent. Alternatively, the antibodies 
can be used in combination with the host immune system, 
e.g., complement, due to the presence of the native 
constant region. In vitro, the subject chimeric 
antibodies can be used in conjunction with complement 
to remove particular cells from a mixture or calls, 
where the target cells have a liganu complementary to 
the binding site of the chimeric antibody. 

The following examples are offered by way of 
illustration and not by way of limitation. 

EXPERIMENTAL 
Hater 

Chimeri c ..genes 

The cloned S107 variable region i heavy) (VH> 
and MO? v s variable region (light, kapp*0 genes were 
obtained from Dr. Matthew scharfx {Dept. of Cell 
Biology, Albert Einstein College of Medicine, Bronx, MY 
1064 IK The 310? VH gene was spliced to human XgGl and 

i > - Vv *<>wn 

in Figure 1, Both constructs were inserted into the 

vecto I c-c <C > , Cr~p 

USA Hull! ^ rc^ 

-s spliced to 

the human * gene at 3 unique Hindi IX site located in 
the large iniron between the ,3k and o e.-:ons as shown 
in Figure 2. This chimeric light chain gene construct 
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was inserted into both pSV2M-gpt and pSV2-neo plasadd 
vectors (Kuliiccr; => Berg, t-; ; : : . ^ t - 

(1981 5 78 1 2-0 72-2 t?7S) « 

Protoplast fusion and calcium-phosphate 
(CaP0 4 ) precipitation techniques lOi at si, , {1983} , 
*\4J££a? Handix~GcOc:,.n et Hi , ^ol c?U. Bun) {1981} 
£i 743-752? Chu and Sharp, Gene (1SSGJ 13; 297-202} were 
used to transient these chimeric iransunoglohulin genes 
into the J558L myeloma cell Mae (a lambda Ik) light 
chain producing mouse myeloma cell line) and the 
non- immurwg loba Un-prei acing An derivative of the P3 
myeloma cell line. Mycophenoiic acid (Gibco 
Laboratories > Santa Clara,- CA §50.50) was asslfej 
selection of cells transacted with psv2 Mi~gpt vectors 
as described previously {01 et al,, {1983}, supra? Ochi 

hi i \ v } 

80«6351-S3S5) , G418 {Siboo Laboratories! ' at 1. Qmg/ml 
was used for selection of cells trans fee feed with 
pSV2-h©o vectors {Mulligan and Berg {1980), supra) . 

When both light and heavy chimeric genes Wets 
transfeeted into the J5S8L cell line using protoplast 
i:usioa techniques., light and heavy chimeric 
immunoglobulin genes were transfected sequentially 
using G4X8 selection for the chimeric light chain gene 
vector and mycophenolic acid for the chimeric heavy 
chain gene vector. The protoplast fusion transfeetion 
procedure used was as described previously {Oi et al, t 
Wm, supra), 

Transfeetion using the CaP04 precipitation 
procedure was done by mixing 40 }S g of both chimeric 
light and chimeric heavy chain p£V2AH-gpt vectors and 
transfecting a total of 80 yg of piasmid DPA intc 5x10* 
ceils, Mycophenolic acid was used to select for 
transformed cell lines as described previously {oi et 
al. , 13983} , supra) , 
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Phosphocholine {PCs binding of antibody 
secreted into the culture sxiparnates of trensfected 
coll lines was analysed using a solid-phase 
radioimmunoassay described previously (Oi and 

Re- z n. >-o , v > * 

PC-binding antiboa.i es in bxosvnihetiea } labeled 
culture supernates and cell lysatss of transferred ceil 
lines also were analyzed by binding the 
biosyntbetieaiiy-labeled antibody to PC~eoupl.eS to 
Sepharose 4B (Pharmacia Five Chemicals, Piscafcavay, 
LJ.l and then aiuting the bound antibody with 
£>C-haptan, The bound and elated antibody was examined 
by SDS~poxyacryiamide gel electrophoresis |SDS~PAGK) . 
Blosynthetic- labeling procedures were done as described 
previously (01 at el. , 3* B-xp* Sted, (1SS0) 
151:1260-1274} . 

xaiofcype analysis - 

Three hybridcma an.ti~id.iotope antibodies, 
Stained from Sr. Matthew Scharff (Dept. of Cell 
Biology, albert Einstein College of Medicine, Bronx, 
NY) , were used to analyse the variable heavy-variable 
"light (VH-VX.) domain structure of the chimeric human 
anti-PC antibodies, these antibodies , recognizing 
three independent idiotopes, were used to 
iamunoprecipxtate biosynthetiealiy- label ad material 
aiuted with PC from the PC-Sepharose 4S matrix. 
iMsusoprecipitates were analysed by 

ilbbalSblihii^^ 

Monoclonal anti-human XgG and anti-human k 
antibodies {Bacton-Dickinson Monoclonal Center? 
Mountain View, CK) were used to imeiunoprecipitate 
biosynihstieally-labeled chimeric human anti-PC 
antibodies for analyses using two-dimensional 
non-equilibrium pH gradient polyaoryiamide yei 
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electrophoresis (MEPHG&) (01 and Hersenbexg (1979) , 
*• I ' ' - PC-coupled to Sepharose 48 also was used for 

Tuaicaasycin {Calhicchem-Behring t San Diego, 
m) was used to inhibit asparagine-linksd gly cosy Nation 
of biosyn fehet icai 1 y ~ i absled antibody from mouse ceil 
lines producing souse c human chicane immunoglobulins 
ID COi at al. (1980), supra ) . PC-binding antibody from 
turulcaawei a- treated ceils was analyzed by SOS-PAGE, 
Procedures used for tunicamyein treatment were as 
described previously (01 et al, t (1980), supra} . 

15 „ v. on in p io n 

Transformed J558L cells producing chimeric 
mouse j human antibody ws :e injected si 

Baib/c mice (10 6 cells/mouse}. Sera from tumor-bearing 
mice were analysed for human anti-PC antibody by a 
20 solid-phase radioimmunoassay described previously {01 
add Hersenbern US79) , supra) and by 
Immunoelectrophoresis usi«:§ a polyclonal anti-human 
antiserum. 

25 Results 

Expression of chimeric mouse V; human C region 
genes in transacted mouse myeloma ceils J55SL and the 
non-immuncglobulin~prod;:icing P3 myeloma cell linos was 
obtained. When both light chain and heavy chain 

30 chimeric genes were transfscted into the same cell, 
tetramerio (B2L2) antigen-binding antibodies were 
obtained, an tor adiog rams of two-dimensional N1PHOB 
analyses of the chain composition of biosynthasixed and 
secreted antibody molecules bound and eiuted from 

35 phosphocno L i n& - Sepha rose showed the formation of: sliced 
molecules j including the endonenously produced J558L A 
light chain. Each polypeptide chain had the expected 
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charge and relative molecular weight* Identical 
two-dimensional gel analyses results were obtained with 
issmenopree ip i bates with monoclonal anr.i~bum.aa r. and IgG 
antibodies. Similar results ware obtained from 
immunopreclpifatea of human IgG ? ( <} antibodies produced 
by transfected ?3 cell lines. Since the 
non- i-m , ^ i- v ^ oes 

not | r< spti? 
chains, as expected only the chimeric mouse; human heavy 
and light chains are seen on the autnsradiograms. 

Phosphoeholine-binding by the chimeric 
antibody produced in the J558L cell line was the result 
from specific association of the chimeric 
immunoglobulin light and heavy polypeptide chains, 
i.e., the VB and ¥k dosaains of the S107 myeloma protein 
connected to human constant region polypeptides „ This 
was determined by measuring PC-binding by 
Immunoglobulins produced by cells transfected 

with the mouse: human chimeric heavy chain gene, 
PC-binding was never observed from antibody secreted by 
transfected cells expressing only the chimeric 

heavy chain and the endogenous J55SL A light chain 
v fdafca not shown S . Chimeric antibodies produced in the 
transfected non-immunoglobuiin-producing P3 cell line 
also were shown to bind FC~Sepharose, In view of the 
low binding affinity of the parental mouse SlO? 
antibody , analyses od appropriate polypeptide folding 
of ssouse m and V« domains in the novel environment of 
human constant regions polypeptide chains vera done by 
determining the presence of idiotypes known to occur on 
the parental S1G7 PC-binding antibody molecule. Three 
monoclonal anti-id iotope antibodies, each recognising a 
distinct epitope on the 1 va ©regie* 

domains and an epitope do fined by l:hs presence of: born 
light and heavy variable region domains, were found to 
react with ious< human vi < it nti-PC until ies 

This strongly supports the fact that the cease SlO? 
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antigen-binding domains have fouled into their intended 
structures, 

Glycosy lation of the jaou.se thussan chimeric 
antibodies is souse k> ^ > cells w-*s nnolyy.ea h< 
:> measuring the relative molecular weight {Mr} of 

antibodies biosynthesired in the presence and. absence 
of tunicamycin, a known antibiotic inhibitor of 
are, x gi - t^^^ 8 " of 

SBS~P.aGE analysis of the chimeric heavy and 1 ight 

ID chains produced in moose myeloma cells in the presence 
or absence of tunicaeycin showed the lower relative Mr 
of the heavy chain synthesized in the presence of 
tunieamyoin as expected if a single h- linked 
carbohydrate was absent from the polypeptide chain. 

15 From this data it is concluded that the mouse myeloma 
cell an; -h x x he h ; chain. 

0' < * t i - t v o 

huisan lgG2 ( «) chimeric anti-PC antibody was grown as a 
is ubeu tars eons tumor in Balh/c mice', analysis of the sera 

20 of these mice showed significant human IgG2 { <} anti-PC 
binding antibody production of the chimeric antibody 
molecules by radioimmunoassay. Polyclonal anti-human 

I'Ci'S the ^x^srs'oo o- ~v 
quantities of human immunoglobulin in the sera. Based 

25 on comparison with prior experience with mouse 

hybridoma-antibody production In mice, the amounts of 
immunoglobulin visualised by Immunoelectrophoresis 
analysis of mice bearing tumors of the i.ransfecfced 
J558L cell line was similar to the lower levels of 

30 production seen with other mouse hyhridoma tumor ceil 
lines. 

analysis shooed that fewer than about ten 
« « ^si 1 1 i no s p r od need bo 

chimeric heavy and light chain polypeptides. Among 
35 trarssf ormants generated by protoplast fusion, both gpt 
and neo bioehecicni markers were expressed a;: expected 
frequencies, however, chimeric light chain expression 
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v infrequent. ! < co~;:rsnsfaetio;s experiments > -> - 
the CaFCh precipitation protocol, the same phenomenon 
was observed , 

Based on prior experience with cosxprsssion 
5 of gene products in transformed ceil lines f it appears 
that the appropriate t ranscripi ions 1 or transnational 
controlling elements are absent in either the chimeric 
light chain gene construct or in the mouse rr/sloms cell 
lines used. The mouse V* gene promoter Is coupled to 
10 the pra is ences that are 

homologous to the I ,n s j 1 

element {KtS} . ; - bulla " nun: 5 " clean at 

iMorriecr and 1. ^ i , -> ~'„s >» » 

The chimeric mouse ; human heavy chain gene is not 

15 constructed in this manner and, in contrast, is 

expressed efficiently. The suv.ee heavy chain intronie 
controlling element (ICS) sequences are included and 

ud< s in this construct x The basis 
for the low level of expression of the light chain ia 

20 subject to speculation. 

It is evident frost, the above results that 
chimeric receptors, as illustrated by immunoglobulins , 
can be produced where the variable regions may he 
obtained from one boat source and the constant regions 

23 obtained from another host source, Where the 

immunoglobulins arc to be used in yjone, this can 
provide , such as reduced 

In 1 peni< ity, a lower ce I 1 m, i bility to 

fulfil] biologica.;] effect-ox functions associated with 

30 the constant regions, * - c< v v that it is 

t c recer cat >■ , then is 

^ith 

cation c < 3ns sc as to t 

specificity ♦ 

33 Although the foregoing invention has been 

described in some detail by way of illustration and 
example feu rpes f clarity oi 
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will be obvious that certain changes - modifications 
may be practiced- 
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region wnicn participates irs defining said bindic. 
and binding to said ligand and a non -binding region 
{constant region} which participles in maintaining the 
structure of said receptor,, wherein each of said variable 
regions has an amino acid sequence having substantially 
the same amino acid sequence of' a variable region of a 
receptor from a first mammalian source and each of said 
constant regions has an amino acid sequence having 
substantially the same amino acid sequence of a constant 
region from a different second ma^alian source. 

2x ft mult.i-snbunit chimeric receptor according to 
Claim I , wherein said receptor is an immunoglobulin,. 

.3..; a awlti-subunit chimeric receptor according to 
Claim X or Claim 2, joined to a label providing a 
detectable signal . 

4, A DMA construct for expression of a chimeric 
polypeptide which, is a subunit of a multi-unit receptor 
comprising; 

a 5 '-terminus proximal first DPA sequence coding 
for a polypeptide substantially the same as the 
N-terminai variable binding region or a receptor r r on: 



a 3 s --v.. „ , o\ j>, 

a' end to the 3 ! end of said first .ON A sequence, coding 

binding region (constant region) from a different second 
35 mammalian host. 
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5, A DMA construct accord ng to Ciaio 4, having 
transcriptional initiation and termination regulatory 
sequences reecqnired by 3 mammalian host in regulatory 
x 1st. ions! ip with said first and secoad m - t s 

5 

6. A DNA construct according to Claim 4 or Cl&lw 5, 
wherein said blast arid second DPA sequences code for 
an -r- no < c - sht chain. 

10 ?. A DNA construct according to Claim 4 or Claim 5, 
wherein said first and second DK& sequences code for 
an ifiBBuncgichulin heavy chain, 

8. A mammalian cell having first and second DRa- 
15 constructs for expression of different first and second 

subunits of a multi-unit receptor, said f.irst. and 

second summits when bound together defining a binding 

site for a predetermined iigand; 

each ci: said fir at and second constructs comprising ; 
20 a 5 5 -terminus proximal first DNA sequence coding 

for a polypeptide substantially the same as the 

H~ terminal variable binding region of a receptor from 

a first mammalian host; arid 

25 directly cr thi t at r I 

5 5 c < , v - x 

^ c < hu Bon- 

binding region (constant region) from a different 
second earamaiiaa Oust:; 
30 and transcriptional and translations! regulatory 

j rh t -v tern \ 3 < < etional in s&i< 

mammalian ceil and in regulatory relationship with said 
first and second DRA constructs. 

35 9. A mammalian cell according to Claim 8, wherein 
said first OHA construct encodes an immunoglobulin 
light chain and second second DNA construct encodes 
an hmmunogie x i - »<■ v ; ~ v 



0173494 



24 

10. A method for producing a chimeric receptor which 
comprises; 

growing rea-jresalian calls according 10 CI a in? 8 or 
Claim 9 in a nutrient medium,- whereby said DKe constructs 
5 are expressed and said sub-units are intraoel K-lar ly 
bound together to rorm a receptor; and 
isolating said receptor. 

11. & method according to Claim 10., wherein said cell 
10 is a mouse myeloma ceil. 

12. h method according to Claim 11, wherein said mouse 
myeloma cell is grown in the peritoneal cavity of a 
mouse resu.lr.ing in the production of ascites fluid. 

15 
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Figure 1 



